iron slag samples unearthed at the eastern border of roman Dacia, in the auxiliary fort and the military settlement of Călugăreni (Mikháza) are investigated by macroscopic inspection, optical microscopy (OM) and FTir spectroscopy in order to comparatively characterize their macro-and microstructure as well as their mineralogical composition. During the recent archaeological excavations, a large number of iron artefacts were discovered together with a great quantity of iron slag fragments. The present paper focuses on the data obtained from 17 slag samples.
Introduction
Among other resources, the procurement of rich ore and salt mines were a determining factor in the decision of the romans to conquer Dacia. in the territory of the defeated Dacian kingdom a roman province was organized at the beginning of the 2 nd century, and continued to develop until the middle of the 3 rd century. After the conquest the border defense system (limes) of the new province was established, similar to other parts of the Roman Empire. On the borderline -the outer defensive line of the circular defence system -auxiliary units were stationed [1,2], while in the central part and on the more vulnerable western border the auxiliary units and legions were also positioned. Due to the frequency of barbaric incursions and the economic and political instability of the Empire, the emperor Aurelianus abandoned the province at the beginning of the 270's and withdrew the army to the Danube defence line.
in the line of the limes in today's Mureş (Maros) county, we know of three auxiliary forts, along with their adjoining settlements which are located in today's Brâncoveneşti (Marosvécs), Călugă-reni (Mikháza) and Sărăţeni (Sóvárad).
The Călugăreni auxiliary fort played an important strategic role in the defence of the niraj (Nyárád) valley. During the 2 nd and 3 rd century, the more than forty hectares site was the most important economic and military centre in the region. Based on archaeological prospections and geophysical surveys, the ground plan and the layout of the 2.3-hectare large rectangular fort (castrum / castellum) strictly followed the rules of roman military architecture.
The fort was oriented nE-sW and is located in the central part of the archaeological site. [3, 4] The settlement (vicus militaris) developed around it and is located in the western part of the present village and the arable land between Călugăreni and Dămieni (Deményháza). (Figure 1. and 2. )
The main aim of the current excavation is to investigate the headquarter building (principia) located at the crossroads of major roads of the fort and a residential area from the vicus. 
Experimental

Brief review of the samples
The iron slag samples studied are presented in Table 1 . Most of them were unearthed at the residential area discovered at the Călugăreni military settlement (vicus) during the excavations performed in 2013-2014, situated on the trench c, c1, c2 of the site. The finds discovered after 2015 belong to the trenches A2, A5, A2015 and A6 from the 3rd century phase of the headquarter building (principia). in the selection of the samples chosen for this study, besides the archaeological relevance, the assurance of the adequate probe quantity in order to complete the planned investigations was considered.
Macroscopic characterization of the samples was performed by visual examination, in daylight, under a magnifying glass of 5x magnifying power. The macrophotos were obtained using a lUMiX Ts7 digital camera of 20.4 Megapixels, at the same time and in the same conditions, and are presented in Figure 3 . and 4.
Due to the relatively small number of specimens selected, the classification of the probes associated with the excavation trench and the context and macroscopic characteristics was not possible.
The samples collected on the vicus territory typically are partially glassy, with dark grey and/or black zones on the outer surfaces, containing various quantity of differently sized gas inclusions (lunkers, vesicles) and iron inclusions (metallic droplets).
The macroscopic morphology of the samples 2008, 2155, 2355, 2356, 4009 and 4264 is pumiceous (spongy) and pronouncedly vesicular (with many gas lunkers) assuring their low density. They are very heterogeneous, with greyish, reddish, blackish, clayish-yellow with more or less crystallized or glassy zones on the surface. in most samples variously sized black magnetite crystals are embedded, and every sample contains -in various quantities -differently sized iron droplets. The inside of the vesicles is usually a blackish, frequently glassy "nest" with metal globules.
The surface of samples 2318, 2340, 4169, 4222 and 4251 is also heterogeneous, but (excepting 2318 with a clayish core) are dark grey or blackish inside. The structure is denser, assuring a greater hardness, so pulverisation is usually difficult. Sample 4137 is sandwich-structured: a 3-4 mm thick terracotta outer layer which covers a 3-4 mm thick black inner layer, which in turn covers a terracotta core.
Macroscopic morphology of the samples unearthed at the principia show some differences when compared to the vicus samples. The relatively dense, stratified 10218 contains plenty of small vesicles. The outer clayish layer is pulverulent, the vitrified core being blackish, with many small metallic globules; so its fracturation and trituration is difficult.The dark grey sample 10532 is compact, with large glassy vesicles nesting Figure 3 . Macrophotos of the samples finds from the vicus many iron "beads". it is brittle, but its grinding is difficult. The compact 10661 is even harder, but is fissile (easily splits into layers). The surface is grey, the inside is clayish red and with some small iron globules in the blackish cracks. The lighter, spongy, moderately blistered 10673 and 11145 are susceptible to lamellary-columnal fracturation and can be easily ground. Their surface is greyish-red, their core is reddish-clay, lamellary structured, with some white crystalline material, larger magnetite crystals and iron inclusions.
Investigation methods and results
Optical microscopy (OM)
The microphotos [5, 6] were obtained at 500x magnification on the raw outer surface, and the fresh, rough (unpolished) core surface (cleavage) obtained by crushing the samples, were registered using a Dino-lite Edge AM4115T digital microscope without polarisation and the Dinocapture 2.0 image processing software. some of the most characteristic microphotos are presented on the Figures 5. és 6.
The mineralogical interpretation of the OM data obtained (the identification of the mineral components) is in progress, however, some general characteristics of the samples can be concluded.
The totality of the samples contain, in different quantities, differently sized gas lunkers and iron inclusions (metallic droplets separated typically in the inside of the gas holes or in the cracks where they were formed). Additionally, cubic magnetite crystal inclusions appear in every sample, although they are fewer. wide, intense, quasi-symmetrical (alumino)silicate bands shown between 1100-1000 cm -1 , reliably characterize the structural order (or disorder) of the samples. structural ordering of the iron slags is the result of the crystallization that occurred during the cooling of the melted material, followed by the metamorphosis (alteration) processes occurring during burial, the latter largely depending on the local environmental particularities of the archaeological site. The spectral components identified by means of the spectral deconvolution of the above mentioned main absorpion bands can confirm (reinforce) the mineralogical componency resulting from the petrographic microscopy, XrD and macroelemental analysis data of the samples.
The FTir absorption spectra in the 4000-400 cm -1 region were obtained on KBr pellets of the agate mortar pulverised samples without any kind of prior thermal treatment. The spectra were recorded using a JASCO FTIR 6100 spectrometer of 1 cm -1 resolution. The composition of the pulverised samples was, as far as possible, close to the homogenized bulk composition. FTir spectra on the surface layer and the inside of the 4009 sample in the 2000-400. cm -1 region were also recorded (Figure 7.) Due to the absence of deconvolution data in relation to the major OH absorption band, an adequate interpretation of the 4000-2000 cm -1 spectral region is uncertain, assignation of the main absorption peaks was made in the 2000-400 cm -1 region ( Table 2 . presents the data obtained for the vicus samples 4009-4264).
As an exception, in case of three selected samples that presented a peculiar archaeological interest (the 2155, from the vicus, and the 10218 and 10532, from the principia), the peak assignation was extended to the whole spectrum (Figure 8 ., Table 3 .). c.
According to Figure 7 ., in the case of sample 4009, the FTir spectra corresponding to the outer layer and the inside of the sample in the 2000-400 cm -1 region practically coincide. This indicates that even if some geochemical processes took place during burial, their influence, at least in this case, is negligible. corroborating this with the Table 2 . data (which indicate a parallelism of the spectral behaviour of the different samples), it is probable that in most cases the FTir study carried out on probes corresponding to the bulky composition of the samples is good enough.
comparing the absorption peak assignments presented in the Table 2 . and 3. indicates that the FTir spectroscopic behaviour of the two sample groups (from the vicus and the principia), at least in the region 2000-400 cm -1 , is also similar, even if some minor differences can be observed. so far, in case of the Călugăreni site, the FTIR spectroscopic behaviour of the slag samples does not depend on the exact location where they were unearthed. However, this conclusion (or further conclusions) needs more data obtained by further methods, such as the actual ongoing XrD, XrF, icPMs investigations. 
Conclusions
The Roman auxiliary fort located at Călugăreni, on the Eastern sector of the Dacian limes, established after the roman conquest of the Dacian kingdom, was a strategically important military centre. During the still ongoing archaeological excavations a large quantity of iron slag remains have been unearthed. However, to date, no trace of bloomery or smithery workshops was found at the location. in consequence, the source of the slag finds is unknown; they could originate equally from the local processing of some imported iron blooms, or from the recovery of damaged iron objects (weapons and household tools) by reparation or recycling. The issue could be clarified to some extent by means of the archaeometric study of the slag finds. In this case, the thorough investigation of 17 carefully selected iron slag samples was initiated. In this first stage, after a macroscopic evaluation of the morphology, optical microscopy and FTir spectroscopy was carried out on the specimens.
According to the characteristic FTir absorption peaks appearing in the spectral domain 2000-400 cm -1 , the investigated samples among some carbonates (and possibly aluminates) are constituted from silicates. The carbonates could have been formed in carbonation processes taking place during burial, as a consequence of the environmental conditions.
According to the microphotos registered, the main crystal phase of the samples identified in the absence of polarized light is fayalite (Fe 2 SiO 4 ); dendritic wüstite and cubic magnetite are also observed in practically every sample. The samples generally are characterized by a vast amount of metallic iron inclusions, and the presence of some glassy phases. These considerations indicate that the (smelting or smithy) processes the samples were subjected to took place at relatively high temperatures, probably in a reducing atmosphere or environment.
According to the macroscopic characteristics, the possibility that the slags could be smelting by-products can't be excluded. The morphology of some samples are close to that of the tap slags: these specimens are more dense, with small blow holes inside, as the tap slag froze outside the smelter. The lower density, sponge-like structured samples full of gas lunkers seem to have been cooled down inside the smelter (cinder).
in future, research will continue with petrographic microscopic and XrD investigation, and macro-and microelemental analysis of the samples. naturally, we have to keep in mind that (as indicated by the standard deviation values associated with the previous PXrF elemental analyses of the surface composition of similar samples) these types of sample are very heterogeneous. [11, 12] . in consequence, conclusions referring to the slag's mineralogical and/or chemical composition have to be drawn very cautiously. The field school involved the participation and cooperation of students and lecturers of archaeology, geophysics, architecture, conservation and restoration from the University of cologne, the University of Pécs, the Budapest University of Technology and Economics, the Eötvös Loránd University, the University of Applied Sciences Erfurt, the Babeş-Bolyai University of Cluj-Napoca, and the Petru Maior University of Târgu Mureş. since 2016, the archaeological research was supported by the Mureş County Council, the Chair of the roman Provinces at the Archaeological institute of the University of cologne, the Erasmus Fund of the Humboldt University of Berlin, and the romanian Ministry of culture.
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